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In this paper, the range resolution for close targets is improved by using 
the FM signals. A detection algorithm is proposed that calculates the 
distance between two targets. The final aim is to improve the range 
resolution for close targets. The range resolution is inversely 
proportional to transmitted signal bandwidth. Therefore, by increasing 
the bandwidth, the range resolution is improved, and closer targets are 
detected correctly. To ensure proper performance of the algorithm, one, 
three, and seven FM channels are used for broadcasting the signal to 
detect close targets. The results show that the range resolution is 
significantly improved by using more FM channels. 
 
 
Introduction: Radars are categorized into two groups of active and 
passive ones. Active radars could detect the location of targets by 
sending and receiving the reflected signals. Transceivers blocks are 
embedded in these types of radars. One of its main drawbacks is that 
they are discovered easily by other systems. Unlike active radars, there 
is no dedicated transmitter in passive radars. Its receiver system 
employs the third transmitter in the environment to measure the time 
difference between signals arriving directly from transmitter and those 
of which received from radiations. This would enable the system to 
determine the position and mobility of the target [1], [2]. 
    Radars are also classified into three groups that are: monostatic, 
bistatic, and multistatic radars. Bistatic and multistatic groups include 
passive radars. The transmitter and receiver are in the same location 
(co-located) in monostatic radars, while they are at a different place in 
bistatic and multistatic systems. The target detection ability of bistatic 
systems is considerably high. Multistatic radars are bistatic ones which 
comprise several receivers, and its target antennas are more than one 
[3]. 
    Echoes that are usually received from antennas will be amplified, and 
after that, their frequency will suppress. Afterward, it passes from a 
threshold comparator circuit in which the signal envelope extraction is 
done. The signal's envelope is proportional to power of reflections 
received [4]. 
    The Range resolution of two targets is inversely proportional to the 
transmitted signal bandwidth [5], [6].  According to this, the range 
resolution of close targets could be improved by increasing modulation 
bandwidth in FM broadcasting radar systems [7-9]. 
     In the following, the second section outlines the detection algorithm 
based on autocorrelation and cross-correlation functions. Simulation 
results are described in the third section. Eventually, the fourth section 
includes the conclusion of this work. 
 
 
Detection Algorithm: consider  ( ) and   ( ) as direct signal and 
received target signal in receiver's antenna respectively. 
 ( )      (   (      ∫   ( )  
 
 
)) (1) 
  ( )       (   (      ∫   
 ( )  
 
 
)) (2) 
    In (1) and (2),   and    are the amplitude of the direct signal and 
received target signal, respectively.    is the carrier frequency and    is 
the maximum frequency deviation.   ( ) is the direct message signal 
and   
 ( )  is the message signal received from targets. According to 
the detection algorithm, the autocorrelation function (ACF) can be 
calculated from equation (3). 
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    Now, cross-correlation function (CCF) of  ( ) and   ( ) is obtained 
by: 
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    The Fourier transform (FT) of autocorrelation and cross-correlation 
functions is calculated in the next step. 
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Then, division operation in detection algorithm is calculated by: 
 ( )    ( )  ( )⁄  (7) 
    By passing  ( ) through a band-pass filter with an intermediate 
frequency equal to carrier frequency and calculating its inverse Fourier 
transform (IFT) and then finding its maximum points, the range 
resolution of the targets will be obtained. The detection algorithm is 
shown in Fig. 1. The conditions would be critical when the targets get 
closer to each other. This critical issue could be resolved by using more 
broadcasting channel. 
Fig. 1 Detection algorithm on the basis of ACF and CCF 
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Simulation and Results: by utilizing the described detection algorithm in 
section 2, the range resolution of close targets for different FM channels 
is simulated. The carrier frequency of single-channel FM signal is 
assumed to be 89 kHz. The maximum frequency deviation (  ) and 
sampling frequency are 75 and 200 kHz respectively. 
    Simulations for obtaining the detection algorithm output for two 
targets with 100, 300 and 500 m distance have been conducted. The real 
part of the signal's IFT which is passed from the band-pass filter for two 
targets with 500 m distance is depicted in Fig. 2. As it is shown, the 
horizontal (time) axis in Fig. 2 is in microsecond order, whose relation 
to targets distance proportion to light speed could be gained easily. 
    Only a single FM channel is occupied for this purpose. With the ever-
increasing number of FM channels, the algorithm performance and the 
range resolution of two targets would improve significantly. By 
utilizing three FM channels, the detection procedure for two targets 
which are as far as 300 m from each other, is conducted in Fig. 3.  
    The result of detection for the targets which are as close as 100m by 
using seven FM channel is depicted in Fig. 4. The sensitivity and 
accuracy of autocorrelation and cross correlation function are improved 
by using more FM channels, so the range resolution of two close targets 
improve, and it enables us to discriminate and identify them better. 
Fig. 2 The real part of the signal's IFT which is passed from the band-
pass filter for two targets with 500 m distance  
 
Fig. 3 The real part of the signal's IFT which is passed from the band-
pass filter for two targets with 300 m distance 
 
Fig. 4 The real part of the signal's IFT which is passed from the band-
pass filter for two targets with 100 m distance 
 
 
Conclusion: The range resolution of two close targets has been 
discussed in this paper. Furthermore, an algorithm for close target 
detection is proposed. By utilizing more FM channel for transmitted 
signal, the range resolution and bandwidth improves well. The 
simulation results verify that the detection accuracy increasing makes 
the identification of the close targets better than before. 
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